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Sea Turtles
Sea turtles are one of the oldest extant sroups of animals, and they
have changed little in basic anatomy for millions of sears. Sea
turtles are found throughout the world, and depending on the spe
cies, range from warm tropical water to frigid oceans near the arctic.
They can be herbivores. omnivores. or carnivores and can be quite
large. For example. the largest species of sea turtle, the leatherhack.
can weigh several hundred kilos. All sea turtles have an oceanic
existence, Males spend almost their entire life in the ocean. After
mating. females crawl onto nesting beaches where the; dig a nest.
Ia; eggs. and return to the ocean. Several weeks later, these eggs
hatch, and baby turtles disappear out to sea (no one knows exactly
s here). Eventually, juvenile turtles return toforaginggrounds shere
they eventually mature to adults Adults then migrate. sometimes
many thousands of kilometers. to their breeding and nesting grounds
where the cycle begins again. Sea turtles live for many (40+ years).
Of the seven species of sea turtles, all are listed as threatened or
endangered by the Endangered Species Act. Major threats to sea
turtles worldwide include overharvesting of meat and eggs for hu
man consumption from nesting beaches for consumption. bycatch
of sea turtles from fisheries, and disease,
Hawaii has two coastal species of sea turtles, the hawksbill
(Eretnioche/vs i,nbricata) and the far more numerous green turtle
(Chelonia mvdas). The major nesting grounds for green turtles in
Hawaii are at French Frigate Shoals in the Northwestern Hawaiian
islands (‘-500 miles from Oahu): the main Hawaiian islands harbor
the foraging pastures where you can see juvenile and adult green
turtles grazing on marine algae.’ Since greet] turtles were listed as
protected, the numbers of adults on nesting beaches has increased
steadily.2
Fibropapillomatosis in Sea Turtles
A few cases of cancer have beet] reported in sea turtles including a
leiomvoma in a green turtle from Florida and lvmphoma and squa
mous cell carcinoma5in loggerhead turtles from Spain. However.
by farthe most importantdisease of sea turtles is libropapillomatosis
FPL FP was first documented in green turtles from Florida. Since
then. it has been found in man; species ot sea turtles s orldss ide.
including mainly green. loggerhead (Caretta caretta ). and olive
ridle; Lepidochelvs oliyacea) turtles. In Hawaii. FP is helie ed to
have heel] present since the I 950s. FP is unusual among neoplas—
tic diseases of free—raneinL’ wildlife in that it affects a significant
pcl’ceiltage of animals. For
example. in Hawaii. depend
ing on method of collection
and location, prevalence of FP
in l-lawaiian green turtles can
range from 20—604
The most visible
manifestation of FP in green
turtles is the pIen of lai’ge
tumors on the skin, eves.
and corners of tl]e mouth. In
some instance, tl]ese tumors cal] hecone very large and occlude
vision. About 25 i of turtles with FP also have internal tumors,
most commonly in the lungs. heart, and kidney. 01] histology, these
tumors are universally composed of a connective tissue matrix and
fibroblasts. In the case of skin tumors. these have been character
ized as fibropapillomas59while tumors in internal organs have been
classified as fibromas, myxofibromas. orfibrosarcomas of low—grade
malignancy.5’’’ Hawaiian green turtles also have tumors in the glot
tis’2, and as expected, such animals are prone to getting pneumonia
and other respiratory inflammatory prohlen]s.’ Interestingly, green
turtles with FP from Florida do not get tumors in the glottis. Green
turtles afflicted with FPcan be found on all major foraging pastures
of the Hawaiian Islands, however, the disease is rare on the west
coast of the island of Hawaii, and reasons for this are unknown.
In Hawaii, FP is the most significant cause of stranding morbidity
and mortality in green turtles,’’ IVIore troubling is that the prevalence
of disease in juvenile turtles far exceeds that found in adults’’, and
given thatjuveniles are an important life stage for long-lived species
like sea turtles, the disease may have demographic effects in the
longer term. A system to score severity of FP in green turtles based
on size, number, and location of tumors s as developed in Hawaii,’3
Green turtles with moderate to severe FP ai’e os er-represented on
strandmgs’ and are less likely to be recaptured. Green turtles with
moderate to severe FPare also lymphopenic’ . sufferfromchi’onic
inflammation ‘. are iminunosuppressed’. and are prone to systemic
bacterial infections. All this indicates that FP is more than a
mere cosmetic disease and has detrimental impacts on the survival
of affec’ ted animals. Cases of FP regressing are uncommon. ‘ To
top it all off. I tXY i of turtles that strand ss ith FP have coi]con]itant
injections with blood flukes ‘ that resemble the human disease
Sch i stoson] i asi s.
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Many causes for EP have hecit proposed including pollutants.
bloodflukes2marinetoxin.s1.ultras ioletlight.and viruses. Tantali,—
ing evidence of viruses was tound durmg microscopic examination
of skin tumor from Floridian ereen turtles that revealed intranucicar
inclusions compatible v ith herpes iruses, Folloes —up studies in
Florida revealed that FPcould be reproduced in captive green turtles
usinc cell—tree tumor homocenates thus ruline out parasites and
further implicating a tilterable agent such as a virus as a possible
cause* Other potential viral etiologies such as retroviruses and
papilloma viruscs were thought to pla a role. Howen er. more
recent cc idence trom Hawaii and Florida implicates an alpha
herpes irus as closely associated with EP. [sine pok incrase chain
reaction. DNA from an alpha herpes virus has been consistently
associated with tumored tissue from green. loggerhead, and olive
ridleys from Florida27.Hawaii .Australia, andCosta Rica, Whether
this herpes virus is the cause of FP or just happens to be found as
sociated with tumored tissue remains unknown, A big stumbling
block in progress with FPhas been the inability to culture the virus in
the laboratory in spite of the availability of cell culture systems.253°
This has hampered both the contirmation of the virus cause of
disease and the development of diagnostic tests. Nevertheless, in
spite of these barriers, some progress has been made simply by the
ability to detect viral genome in tissues through molecular tools.
Viral RNA (suggestive of active replication) is more abundant near
the surface of tumors sligeesting that direct contact transmission of
the virus is likel. Other possible routes of transmission include
cleaner hsh and parasitic leeches.
Implications for Humans
The stud\ of wildlife diseases for that matter goes be ond mere
academic interest. Although FP is not zoonotic. the presence of
epizootic disease in an ecosystem suggests an ecological imbalance.
Given that most of Hawaii s human population lives near ordepends
on the ocean, presence of disease m marine ecosystems could indi
cate threats to the environment that may directly or indirect!) also
affect humans. Understanding the dynamics and causes of wildlife
disease may have ramilications for human health. In addition. few
animal models exist for herpes virus-induced neoplastic diseases.
Two examples are Marek’s disease33, an alphaherpes virus that
causes lymphomas in chickens and FP. Examples of herpes-induced
viral cancers in humans include Kaposi’s sarcoma (human herpes
virus 8)32 Kaposi’s sarcoma in some ways closely resembles EP
in that it isa skin tumor that. for many’ years. was associated cc ith a
non—cultivable herpes virus. Understanding the epizootiolog) and
pathophysiology of FE in sea turtles ma provide valuable cities to
the biology of some human cancers.
Acknowledgments
George Balazs kind! provided constructive comments on this
l)nlPei”
For more information on the Cancer Research Center of Hans au.
please visit our wehsite at zsw.cich.org.
References
B ia OH yn p lb crn nt ‘‘ r en wnle in iS H w n’ &AA it
14 op
— 01 C CS I up Ii T 7 i’r nIb ,w I—” r c, —‘ 11
0-rI”, wO —rj ‘ — 111-r 4
H _‘ ‘ ‘ ‘-o .1’ ‘ 0 ,‘ C 0 —. —
.-
, J ‘7
3” ‘*r’’,Eo”' ‘—, ‘.‘‘ ‘, - - —‘ ‘—.‘-‘T,, S.’
0 C 7 “ C ‘, 07, 2 4-4 -
3 -ni-— 0:.. ‘n, B’.’’. ‘‘.‘-‘:‘-_ .‘,
2—’’_-’4-
‘0 ,C C. “C-r
B .,: .n,S.’ P ‘ , ‘ ‘‘
j,’ctJ,”i ‘D1J’,LM ‘.‘EE “jt’C’’’
D•0 ‘_ . - ‘. Pt 0. - -—
H S I H J h r EF K n PC B 3’- ‘.‘ ‘ r A B’ T Ta i-c’np .rC . 0,’rC DCv 4
o rh”g_n I _ I. _ .—4.rn ‘‘—r’r r. d nb’op p Hnn of ‘i- ‘a 5’ One n
myd n’ WI p P”rlCOr is- 3n ‘ ‘4
0 No ton TM 3 ob on ER S_snWro JP Cu’ on P r p pborn nor ,ln IC Is ffi C 0
rum— CS low me Jo r’ f 7JrOlil Di 1 i 5 10
WmkTBz ‘Amy P41%’ BRtrcpWvp n—by U,OQTJ turtH lCh’on’
med ,wt,,fibroo piblorn to C” ‘nh H war nI I 210 Dm o’Acw Og ni
2004 In pi
A uir,e AA B I ‘ G pr k ml tA r S W 0 Zimmerm B Patnobogy or orph ‘1ng hbropapib
wmo to in gr n tu’tle Chwonia med Journ lot AqU Arnmab H 12- 002 1429 34
Work TM B I H A Iti p lunD’ cor t hem tology m gr ‘r Bell wdh fibropaoil%m to in
H w ,i Journa of W,ldl,fe Disea 1 99 047
14 Aouirr AA B az GH p ako TR Gro T Adr n no C m fologi e Qonse to H in
uv nile gr p turd iChel”n mydal with and without fibrooapllorna Phy .ioog a1 Zoolo ,y19
688 1 4
in Work T A meyer RA BIazn G C a’, C cn,n Immune BeCa of frep- a’gino oreen turfl yith
fibropapiliom 10 from Haf”a Journal of Wildlife Di a 2001 r 574 81
10 Wo k T B lazn G Wolcott H I loire R B dc sari-i in Hnwanar green ‘utIle Chelor’os mydw ‘,oitfr
fbr:o’-’ tool DO—P of Ac iat,c O’crnn-n: 2,121 .3
B—’- : K—,nr-B nnett U Bai z OH Pnorogr on —. o’- ‘o’ the rg’ea’ion o’ ‘io W p2 on
it’’ ‘‘o 7’ “In I Ho”okwi t 04 Ih 5 ,s — - 5nd OrO_P_diflW oft N Bee I
Ow. . “,‘spo ion on Se Ta a Bi ogr ann Con 0” JaLr 3 5 South Padcr I1land T
999
8 Aguir e 44 SprakerlR Baiaza H Zmmerma B Sorc’n io. ad fbrooapiilcmio’is r o.nP
lurtlea frown 11w H w ian iaba’d Journal o Wrdlife Dineae °98 34 0 5
‘9 Aouirre A Baaz GH Zrr’ne’rlar B Galey FD O’oa. conMminan’o and trace rwtaba i IS h
au—ac1—a,ia”w weeP larSen Cheor’a mb a’ri clan r-’ Sbropao sna in toe Ha’sa,a” ia0,n0
Ma ‘-“Iu:ic Bu’letin i94 yS 10° 1
20 Ca —. ‘7 .3’W P Reict on n.m 01 trernat000 p nT o ._ -no t-—, eoq to the occJr n
o’ o —o—o :ma stOcting me grer to Ce NMFS S:’,’EO 0o”on Reot H 931 nc 2pp o9
a’ L. o n—’” — Baaz C Steirding r KA BaWn DG Be 9 e DJ Th octenriB o’ of ,stu -m
fumo r promot n ma me IU r’’io’opsplloma’o i Joamnil of Aoirc Animal HeHfh 199 r r 99
2a Jacob on ER Bue pe C Wi] mci” B Harri RN H rp vimna in at nsou ib ooapillomp. 0’ rh
n I rU Cheloni oydan Din.I’a of Aou Ii Organi m 1991 ,2 o
Herb I LH J cobaon ER Mowtt a B o’,vn T Sundberg JP Kiein PA aper mental fran n-i ion or
o e n turtl fibropapmlornafc m. a no “p11 fr tumor ntr r Di of Aou, ‘ Organ m 1995
221 ‘2
4 C ey 3W H Irovmru and C roe ni’u ocialion with ibr p pillow to of m’rr n” turtle 12 pp
NOAANMF TMH 8OiC 1 8
LaY A airre AA Wo k T B az C N murk r VR Yan gihar R Idenfifin lion of m Ii n ked v’ra
,n rmor lik aggr gate in cell I rres 8 nv d f ow gr 1 rh C low myd wit’ fiSt p pilbom
30cm I of Vi ologi al M thooa 2002 86 25 3
Qu S nba h L Work TM B Hz OH C p RN Ro ‘nk 3 h a A , , Th —e no by r I
rp viru r a o ‘ t—d pith ‘ibroo p40w to i in m in lu lb Vi,ob”y 1098 4n 392
2 L kovchJK BmownDR HcmerBL Guroe L M d rDR Mor tRH I IA o plc’ ofherpn v’ru
with fib’op p’IIom 10 i of the green rart a On bow lad nd IS bogo’r’. 0 to ‘ Cprli c5reBa
m r’orid Di a - otAqu ‘cOroc’-r ‘ tWO 37 07
38 Qu ck nbc h SL C p A Ma ncr A P cIT Work T Limoun C I V Qua tIeS ‘ arrr.yo of her
o pr q,or trnn- nrn’,l WC ‘ib’ooap I on-a or ri a Ia tb- ‘P r al Inn PCR Vi’oUo
2’ 0”—’— ‘,‘ ‘ V—4 ‘2-i B - Cr- C ‘m DC P ‘_-‘‘:o — ,ct— .00 0100’ .1
o n’ —‘ — -‘ — gn_’ iar-’ 0 —B a flIdW tI— -: — a, or ‘‘C ‘ to —
L V _rs , VA 4o.ni AS VOn-k T I ‘ C Y o H B tam rn-—I sd waruntn, z -—
0’ 3 ‘,“C”On- ‘o’ ,rtaip,Cr,iC5rn,r_ - o’th’rooI nrn”In’.’,troC—I DpBompn’
a’ooB’noot’ Snow] ‘“‘ 30 15.r
, G a—”o P Work BC z C S “c C C — P ,n a 3 The Oz”b J’u” MsCbr a anw”an
‘r n ‘ — I
.‘,‘
